Section of Clinical
Immunological Aspects of Chronic Heart Block: a Review The cardiac conducting system has interested physiologists for many years since it is the specialized excitable tissues of the heart which allow the organ to beat spontaneously when totally denervated. A number of functional and histological differences have been described between the conducting tissue and the myocardium. There has, however, been little research into possible immunological differences between Purkinje and myocardial fibres.
A well-defined conducting system has been described in mammals of all sizes. The surface membrane of the specialized tissues differs from the myocardial sarcolemma in having an unstable resting potential which is responsible for its autorhythmicity. The sinoatrial node determines the heart rate and the rest of the conducting tissue transmits the electrical impulse to the ventricles ensuring rapid, synchronous contraction of the ventricular muscle. Purkinje tissue, which forms the bundle of His, conducts at approximately 4 m/sec, which is rapid in comparison with impulse transmission in the ventricular muscle at around 0.5 m/sec (Noble 1975) . Interruption of the bundle of His, or its branches, produces complete heart block. In the ventricles the Purkinje fibres run in bundles beneath the endocardium in close proximity to the subendocardial lymphatic system (Uhley et al. 1972 ).
Morphology of Mammalian Conducting Tissue
The Purkinje fibres of large mammals are easily distinguishable microscopically from myocardial fibres by size alone and the cow heart has been extensively studied (e.g. Hayashi 1962) . The cells contain a large single or double nucleus. Striated myofibrils are scanty and are scattered at the periphery in association with mitochondria. The cytoplasm contains ribosomes and glycogen granules (Thornell 1974) and is rich in phosphorylase. Histochemically, Purkinje tissue has a number of similarities with type II fibres of skeletal muscle. The myocardium, which is rich in oxidative enzymes such as succinic dehydrogenase, is unlike Purkinje tissue in this respect and resembles the type I fibres of skeletal muscle (Snijder & Meijer 1970) . Unlike myocardium, Purkinje tissue contains monoamine oxidase and cholinesterase. The conducting tissue fibres are in close contact like smooth muscle and myocardial cells. Junctional complexes comprising desmosomes, intermediate and gap junctions (or nexuses) cover approximately 45 % of apposing Purkinje cell membranes (Arluk & Rhodin 1974) . Actin filaments of the I bands of myofibrils can be seen to insert into some of the intermediate junctions. Weidmann (1966) has shown that the Purkinje cell junctions are highly permeable to potassium and impulse transmission occurs in the absence of a neurotransmitter substance.
Clinical Aspects of Chronic Heart Block in Man
Chronic heart block is an uncommon condition occurring in about 220/million population in England (Eraut 1975) . It is essentially a clinical diagnosis and results from a number of different pathological processes the commonest of which are idiopathic bundle branch fibrosis, ischemic heart disease and cardiomyopathy. In a consecutive post-mortem series of 100 cases of chronic heart block Davies (1971) found 46 to have idiopathic bundle branch fibrosis. This is an end-stage change of unknown etiology where the conducting tissue is replaced by fibrosis with scanty inflammatory infiltration. The underlying myocardium, which has the same blood supply, is spared. Zoob & Smith (1963) suggested that autoimmunity might be involved. In view of the mode of impulse transmission across Purkinje membranes it is unlikely that antibodies could block conduction as has been postulated to occur at the neuromuscular junction of skeletal muscle in myasthenia gravis (Bender et al. 1975 ). Lenegre (1964) , who described the pathology as a form of myopathy affecting Purkinje tissue, noted that 100% of his cases of bundle branch fibrosis had diabetes mellitus. A personal series of 100 consecutive patients with chronic heart block confirmed that overt diabetes was more prevalent (9 % of cases) than would be expected for the age group studied. There was also an increased prevalence of vitiligo, hypothyroidism and pernicious anemia, diseases usually thought to have an autoimmune etiology. Altogether 16 patients (10 females and 6 males) were affected and 3 had multiple disorders (Fairfax & Leatham 1975) .
A number of possible mechanisms may explain an apparent association of autoimmune disorders with the development of heart block. The conduction disorder is not dependent on the metabolic thyroid status. Ischemic heart disease was not clinically evident, but is known to be difficult to diagnose in the presence of chronic heart block (Harris et al. 1969) . Hospital studies suggest that autoimmune thyroiditis is a risk factor for hyperlipidemia and coronary artery disease but epidemiological studies have failed to show any association between thyroid antibodies and cholesterol, triglyceride or lipoprotein abnormalities. A significant association linking minor degrees of thyroid failure with angina of effort and minor ECG changes has been shown in women but not in men (Evered 1976) . Paradoxically, in patients with angina, only young men had an increased prevalence of thyrogastric antibodies. Women showed no association (Mathews et al. 1973) .
Another possibility which might be envisaged is immune complex-mediated damage of conducting tissue. Complete heart block has been reported, for example, in systemic lupus erythematosus. (Bharati et al. 1975) . Scott (1976) reviewed 16 cases of neonatal lupus erythematosus apparently transferred from mothers with the disease. It is interesting to note that 3 of these neonates developed complete heart block and the histology showed subendocardial and myocardial fibrosis. The possibility of tissue-specific autoimmune damage of Purkinje tissue initiated a search for antibodies to Purkinje tissue using the indirect immunofluorescence technique. Indirect Immunofluorescence Experiments using Purkinje Tissue Antibodies reacting with conducting tissue were detected on 5 nm cryostat sections of fresh ox Purkinje tissue. Using monospecific conjugates and serum diluted to at least 1/10, satisfactory negative controls were obtained. The sera of some patients with long-standing heart block gave a diffuse fluorescence on the conducting tissue similar to the staining of vessel walls produced by human smooth muscle antibodies. The Purkinje antibodies did not stain cardiac, skeletal or smooth muscle. Low titre antibodies were present in 8.6 % cases with idiopathic heart block and in 4.2 % of apparently normal controls . Although the antigen has not been identified, the results are consistent with the work of Szab6 et al. (1966) who concluded, on the basis of antibody absorption experiments, that the conducting tissue contained antigens not present in myocardium.
The indirect immunofluorescent technique has also been used to identify some of the antigens present in conducting tissue with antibodies of known specificity. High titre smooth muscle antibodies from cases of chronic active hepatitis which were completely absorbed by F-actin (Bottazzo et al. 1976 ) reacted with the I bands of Purkinje myofibrils as well as with those in skeletal and cardiac muscle, showing that actin is present in Purkinje tissue. The Purkinje cytoplasm did not stain with antiactin sera in contrast to the diffuse staining of smooth muscle. Myosin is known to be present in Purkinje myofibrils (Emmart & Helander 1960) . Recent work on antibodies to various muscle myosins has demonstrated common epitopes present on heavy meromyosin fragments from cardiac and type I skeletal muscle fibres (Fairfax & Groschel-Stewart 1977) . These antibodies do not react with type II fibres of skeletal muscle and can therefore be used to identify fibre types in an identical manner to histochemical typing by the myosin ATPase reaction (Padykula & Herman 1955). Purkinje myofibrils react as intensely with these sera as heart and type I skeletal myofibrils indicating that the myosin in the A bands of Purkinje myofibrils is immunochemically indistinguishable from cardiac myosin and differs markedly from type II muscle fibre myosin. This is in contrast to the findings of Snijder & Meijer (1970) .
Sera from patients with myasthenia gravis positive for striational antibodies reacted with Purkinje myofibrils as well as with those in skeletal and cardiac muscle. Mitochondrial antibodies from patients with primary biliary cirrhosis reacted with the Purkinje mitochondria although as the tissue contains fewer organelles than myocardium the staining is less intense. This may explain the low activity of mitochondrial ATPase, dehydrogenases and cytochrome oxidase described in Purkinje tissue (Snijder & Meijer 1970) . By fluorescent antibody technique, the Purkinje tissue has been shown to contain cardiolipin. Antibodies to nerve tissue have shown no cross-reactivity with Purkinje tissue .
Chagas' Disease One of the commonest causes of heart block in South America is the cardiomyopathy of chronic Chagas' disease from Trypanosoma cruzi infection. Immunological damage has been suggested to account for the tissue injury which occurs late in the disease at a time when not many parasites are present. A complement-fixing antibody (EVI) unrelated to the Forsmann, Wassermann or bloodgroup antigens has been described in the majority of patients with heart disease and is useful in diagnosis (Cossio et al. 1974) . This antibody reacts with interstitial tissue and endocardium in the heart and with vascular endothelium. It is absorbed by antigens from Trypanosoma cruzi.
The sera from 22 patients with chronic Chagas' disease were tested by indirect immunofluorescence on human, rat and ox heart and 20 were found which contained the EVI antibody. These were tested on ox Purkinje tissue to detect antibody activity to the conducting system. None of these sera gave a diffuse staining pattern on Purkinje tissue although the antibody reacted strongly with the connective tissue surrounding the Purkinje fibre bundles. One of the sera gave a weak reaction with the Purkinje surface membrane (Fairfax, unpublished) . In Chagas' disease, as in rheumatic fever following group A streptococcal infection, there appears to be a cross-reaction between antibodies to the infective organism and antigens present in mammalian heart.
Possible Cell-Mediated Immunity in Heart Block Experimental models of myocarditis in animals have been produced in susceptible strains by transfer of heart-sensitized lymphocytes (Laufer et al. 1972) . Cardiac antibodies correlated poorly with the severity of the lesions. These experiments suggested that cell-mediated injury to heart tissue may occur in some human disease processes. The low prevalence of specific conducting tissue antibodies found in idiopathic heart block may reflect the length of time since tissue injury occurred.
However, the selective damage of Purkinje tissue might also be caused by mechanisms involving cellmediated immunity (CMI). The finding of some antigenic differences between conducting fibres and myocardium suggests that a study of CMI using the Purkinje fibres as an antigen would be worthwhile in patients with unexplained conduction disturbances.
